Establishing whether G protein-coupled receptors (GPCRs) form physiologically relevant functional homoand heteroligomers in vivo has been a major biochemical challenge. In this issue of Neuron, Kern et al. (2012) investigate whether the anorexigenic effects of D2 dopamine receptors may be a direct consequence of allosteric modulation by Apo-ghrelin receptors.
Over the past few decades it has become apparent that plasma membrane receptors can cooperatively signal as homoand heteroligomers. In particular, recent studies indicate this paradigm includes G protein-coupled receptors (GPCRs) and that hetero-oligomeric pairing between them affects their surface expression, trafficking, pharmacology, and signaling-providing even more regulatory complexity to an already diverse receptor family (Bulenger et al., 2005; Milligan, 2009 ). The physiological relevance of heteromerization is clear for GPCRs that function only as ''obligate dimers'' (Jones et al., 1998; Zhao et al., 2003) . However, for the vast majority of GPCR combinations that have been studied, a physiological role for heteromers has been difficult to establish, and an impediment to this characterization has been the in vivo experimental challenge of differentiating receptor crosstalk from a direct protein-protein interaction. The handful of studies that indicate the formation of physiologically relevant heteromers have required numerous technical approaches to substantiate their conclusions and remain somewhat controversial (Gonzá lez-Maeso et al., 2008; Pei et al., 2010; Fribourg et al., 2011; Liu et al., 2011) . In this issue, Kern et al. (2012) provide evidence supporting a physiologically relevant interaction between the dopamine D2 (D2R) and the ghrelin receptor (GHSR1a) that regulates feeding behavior in mice, and their observations are important in building a case for the in vivo relevance of GPCR heteromers. Additionally, their findings have important implications regarding the development not only of obesityrelated therapies targeting ghrelin receptors but also of potential therapies targeting the dopamine-related reward systems underlying other neurological conditions.
The motivation for the present study stems from the authors' previous intriguing observation that a subset of neurons in the hypothalamus coexpresses the D2R and GHSR1a, despite the virtual absence of ghrelin in the brain. Their hypothesis is that GHSR1a expression alone can modify D2R signaling, and they address this using several different approaches. In SH-SY5Y neuroblastoma that express Gi/o-coupled D2R, coexpression of GHSR1a leads to an unexpected calcium mobilization response through D2R activation that is blocked by both D2R and GHSR1a antagonists. Importantly, they also detect an agonistmediated D2R calcium signaling in primary cultures from hypothalamus, indicating that this form of signaling is also present in intact tissue. The authors further show that while GHSR1a mobilizes calcium through Gq/11, D2R-dependent Ca +2 signaling in the presence of GHSR1a occurs through a pertussis-toxin-sensitive Gbg mechanism; another Gq/11-coupled GPCR cannot substitute for the GHSR1a; and D2R-dependent Ca +2 signaling is not dependent on GHSR1a constitutive activity. Thus, in the complex, the D2R remains coupled to and signals through Gi/o protein but the presence of the GHSR1a in the heteromer presumably recruits Gbg subunits that have the ability to mobilize calcium from intracellular stores through the phospholipase C pathway. This observation is quite intriguing and could be a mechanistic basis for signaling diversity through heteromerization. The notion that different Gbg pairs may mediate separate signaling pathways has been described only in a few instances (Robillard et al., 2000) , but interestingly, once in the context of D2R-adenosine 2A receptors signaling and ethanol consumption (Yao et al., 2002) . Using time-resolved and confocal FRET Kern et al. (2012) demonstrate the proximity of D2R and GHSR1a in membrane preparations from mouse hypothalamus and brain slices, showing that an equivalent FRET signal is absent in GHSR knockout mice. They also employ GHSR1a mutants that exhibit contrasting effects on D2R calcium signaling, suggesting an allosteric nature for the heteromer interaction; and finally, using wild-type, ghrelin knockout, and ghrelin receptor knockout mice, they conclude that D2R-GHSR1a pairing attenuates food intake. This last feeding study implies that the anorexigenic effect of dopamine requires the presence of GHSR1a because the well-known D2R-mediated suppression of food intake is abolished in GHSR1a knockout mice and in mice treated with a selective ghrelin receptor antagonist. This paper presents tangible evidence for the conceptually important idea that GPCR heteromers have physiological relevance. A therapeutically important implication of the study is that heteromer complexes may provide unique pharmacological targets to control a limited set of functions within a much broader receptor signaling system. While it has been difficult to address the short-term physiological contributions of heteromers, the extent to which heteromer signaling mechanisms contribute to overall physiological homeostasis over extended time intervals may be an ever more intractable problem. For example, in congenic mice lacking the GHSR1a, no obvious differences in body weight and energy expenditure were observable between control and knockout genotypes (Sun et al., 2008) . On the basis of the present study the knockouts would also be expected to lack D2R-GHSR1a-mediated signaling relevant to appetite control.
Nonetheless, the D2R-GHSR1a interaction described here may have additional interesting implications for studies of the dopamine system. Brain dopamine is involved in the control of many physiological functions including locomotion, cognition, emotion, and affect, as well as reward mechanisms. Dopamine receptors have been some of the first GPCRs for which allosteric interactions between heteromers have been postulated to contribute to function (Fuxe et al., 2010) . A series of recent studies have suggested that the ''central'' ghrelin system might be involved in the control of rewardseeking behaviors for food, alcohol, and drugs of abuse by modulating the dopaminergic reward pathway from the ventral tegmental area to the nucleus accumbens. Notably, in these animal studies, ghrelin is invariably injected into various brain areas to engage the GHSR1a. However, administration of GHSR1a antagonists alone has been shown to reduce preference, intake, and reward for food, as well as for alcohol, cocaine, and amphetamine (reviewed in Dickson et al., 2011) . Thus, if D2R-GHSR1a heteromers similar to those described by Kern et al. (2012) exist in the reward circuit, it would provide not only a potential mechanism for the ''ghrelinergic'' effects on reward but also a new paradigm for the rational development of therapeutic interventions for abnormal reward-seeking behaviors. In this issue of Neuron, Nicolas et al. (2012) show that JAK2/STAT3 signaling, a canonical pathway for transmitting information from the cell membrane to the nucleus, is critical for NMDAR-LTD, even in the absence of new DNA transcription.
JAK/STAT: The Enigma within the Mystery of NMDAR-LTD
A major goal of neuroscience is to elucidate the molecular mechanisms mediating the different forms and phases of long-term synaptic plasticity that are thought to underlie learning and memory. Although many forms of synaptic plasticity have been described, four have been the most widely studied: (1) NMDA receptor (NMDAR)-dependent, transient
